Spontaneous amyloidosis is known in more than 30 mammalian species. Various patterns of mammalian amyloidosis are reviewed. On the basis of the anatomical distribution of the amyloid deposits a distinction is made between patterns with typical amyloid distribution, patterns with atypical distribution, and so-called intermediate or mixed patterns. Staining, histochemical, and electron microscopic properties of amyloid and possible etiological factors of amyloidosis in different mammalian species are briefly discussed.
Our knowledge of spontaneous amyloidosis in animals is small as compared with what is known of the disease in humans. Most studies of amyloidosis in mammals have been in domestic and laboratory animals. Review of the literature, however, shows that spontaneous amyloidoses also occur in other species. The following survey, based in part on personal observations, presents several patterns of spontaneous amyloidosis in mammals.
Occurrence of Amyloidosis in Mammals
Spontaneous amyloidosis has been described in more than 30 mammalian species belonging to eight mammalian orders. Because in most species only a small number of cases was reported (table I) the frequency of amyloidosis cannot be determined, particularly among feral and captive animals. Among domestic animals, most of the reported cases have occurred in horses, cattle, and dogs. In rare cases cats, sheep, and swine have been affected, whereas amyloidosis has not been reported in goats. Spontaneous amyloidosis in laboratory animals has been reported in mice and Syrian golden hamsters, but [41] . 
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Eighty-seven further cases were observed in hyperimmunized sheep [54] . not in rats. These examples show that even phylogenetically closely related mammalian species have a different predisposition to amyloidosis.
Classification of Mammalian Amyloidoses
Because there is no uniformly accepted classification it is difficult to summarize the various patterns of mammalian amyloidosis. There are, however, two practical methods of classification: a grouping (1) according to the patterns of anatomic distribution of the amyloid deposits, and (2) on the basis of possible etiological factors or associated diseases. Since sufficient etiopathological and clinical data are not available we have used the traditional anatomical method of classification.
Patterns of Amyloid Distribution
Although in advanced cases practically all organs may be affected, most mammalian amyloidoses are found in a specific organ or group of organs. HJARRE [38] described typical and atypical patterns. In typical amyloidosis the main amyloid deposits regularly occur in the parenchymatous organs such as spleen, liver, kidneys, and adrenals. Organ predisposition changes, however, with the species. Thus in the horse, cat, mink, and mouse the earliest and most visible changes are found in spleen and liver, whereas in cattle and dogs they are first found in the kidneys and then in spleen and liver. A similar species-characteristic anatomical pattern has been shown in experimental amyloidoses produced by repeated parenteral administration of antigen in horses, cattle, dogs, and mice. In atypical patterns organs other than spleen, liver, kidneys, and adrenals are involved [38] .
Many typical patterns, however, are not restricted to the sites of preference cited, and, conversely, in atypical patterns amyloid deposits may also occur in these organs. It is therefore often impossible to classify cases of amyloidosis with widespread organ involvement as 'typical' or 'atypical'. In spite of these shortcomings, the terms are used in this report. It is necessary, however, to list separately those cases of generalized amyloidosis that cannot be classified as typical or atypical.
Amyloidosis Patterns with 'Typical' Anatomical Distribution
Most amyloidoses described in mammals show a 'typical' pattern. Amyloid deposition may be local or generalized in distribution. Amyloid deposits may be found in only one of the sites of preferencefor example, localized amyloidoses of the kidneys in cattle [l, 37,701 and dogs [7, 37, 65] and localized amyloidoses of the spleen in horses [16] , swine [56, 761 , and other species. Systemic or generalized amyloidosis with amyloid in several or in all principal sites of deposition is most frequently described. Generalized amyloidoses also occur with amyloid deposits in the characteristic sites and in numerous other organs. Such patterns have been observed in dogs [33, 58, 681 , cats [13, 601, stone martens [93] , cattle [I], sheep [32] , Syrian golden hamsters [80] , and mice [24, 80, 891. All of these histological patterns represent more or less advanced stages of a pathological condition with marked tendency to progression and generalization. This is verified by the fact that, in most instances, with widespread organ involvement comparatively large amounts of amyloid are found in the main sites of amyloid deposition. Conversely, in cases with small quantities of amyloid in the sites of preference usually a lesser number of other organs is involved. The sequence of organ involvement, however, is not uniform in the various mammalian species.
In typical amyloidosis the spleen is one of the organs most frequently affected. Special sites of deposition are lymphoid follicles, red pulp, walls of small arteries, the capsule, and trabeculae. Genuine amyloidoses of the follicles in the form of a 'sago spleen' are not so frequently found in animals as is mentioned in pathology textbooks. They are mostly observed in the initial stages. The follicles are either surrounded by the amyloid in the form of 'perinodular rings' or the entire follicle is replaced by amyloid. Amyloid deposition occasionally seems to start in the centre of the follicle. Frequently, however, amyloidosis of the follicles is associated with amyloidosis of the red pulp, in which cases amyloid is found in the form of fibres, strands, and clumps between the network of the red pulp. This is usually the case in severe amyloidosis of the spleen. Amyloid deposits are also often found in the walls of small arteries of the red pulp, capsule, and trabeculae, in which cases intima and media are most conspicuously affected. Such deposits even occur before amyloid deposits in the follicles or in the red pulp are seen [37, 54, 951 . Amyloid deposits, sometimes in nodular form, are first seen in the capsule and in the trabeculae in carnivores such as the dog [37, 581, cat [13, 371, lynx [42] , and stone marten [93] . They have also been observed in horses [63, 95] .
In the liver amyloid is chiefly located in the spaces of Disse, sometimes forming irregular layers between liver cell cords and sinusoids. Other sites of amyloid deposition are the walls and the vicinity of the central veins, the interlobular connective tissue, and the vessel walls in the area of Glisson's triangles. Extensive involvement of the interlobular connective tissue is frequently seen in Syrian golden hamsters [21] and stone martens [93] . In dogs amyloid is more conspicuous in the branches of the hepatic artery and of the portal vein, whereas amyloid deposits in the interlobular connective tissue and in the hepatic lobules are seldom seen [37,42, 581. Severe amyloidoses of the kidneys are very often seen in cattle [ 1, 37, 701, sheep [54] , and dogs [7, 37, 651 , whereas this organ is less frequently and intensely affected in horses [3, 20, 371 . In most animals amyloid is located in the glomeruli. Amyloid deposits, however, may also occur in the interstitial connective tissue and in the vessel walls of the medulla. In a varying degree amyloid is also deposited in the vicinity of the tubular basement membranes and in the branches of the renal artery, especially in the inner layers of the vessel wall.
Amyloidosis of the adrenals is a regular finding in typical amyloidosis of cattle [37, 621. It has also been described in horses [3, 201, dogs [33, 37, 581 , cats [13, 60] , minks [64] , martens [93] , hares [ll], and Syrian golden hamsters [21] . Usually only the cortex is affected, especially its inner layers [13, 20, 58, 60, 931 . In one dog amyloid deposits were also observed in the fibrous capsule of the adrenals [58] .
Numerous other organs may contain amyloid. Amyloid deposits were frequently found in the stomach and intestines [I, 3, 13, 20, 32, 37, 57, 58, 60, 64, 931 . Deposits were predominantly in the lamina propria and in the vessel walls of the submucosa and were found in lesser degree in the other layers of the gastrointestinal tract. Often the vessels and the interstitial connective tissue of various other glandular organs are affected, for example, the thyroid [ 13, 32, 33, 38, 58, 601 , the salivary gland, the pancreas, and the prostate [33, 581 . Amyloid deposits may occur in the interstitial connective tissue of the heart and in the walls of the coronary vessels, in the leptomeningeal vessels, and in the vessels of the lungs. The tongue, pharynx, tonsils, eosophagus, gall bladder, urinary bladder, aorta, skin, and lymph nodes may also contain amyloid [58] . Amyloid deposits in the above sites are usually unimportant compared with those in the sites of preference and are often detectable only by sensitive methods.
Amyloidosis Patterns with 'Atypical' Anatomical Distribution
Atypical patterns have been less frequently described in mammals. In atypical patterns amyloid deposition may be local or generalized. Among these forms are amyloid accumulations in old canides and felides, local 'tumorlike' amyloidosis of the upper respiratory tract of horses, cutaneous amyloidosis of horses, and amyloid deposits in the stroma of neoplasms.
Vascular Amyloidosis in Old Dogs
Amyloid deposits can regularly be found in dogs over 10 years old [58] . These deposits are usually in the media of the leptomeningeal and cortical arterioles and in the brain cortex [9, 18, 58, 79, 801 . With decreasing frequency amyloid can also be demonstrated in the vessel walls and in the interstitial connective tissue of the prostate, tongue, intestines, urinary bladder, in coronary vessels of the heart, and in various other tissues [58] . The usual sites of amyloidosis in other animals are seldom affected in dogs. Similar lesions can also be observed in old wolves, jackals, and foxes [42] .
Amyloidosis of the Pancreatic Islets in Old Cats
Histologic studies of organs of cats of various ages have shown that deposits frequently occur in the pancreatic islets of cats over 10 years old [41] . With the exception of the leptomeningeal vessels, in which small amounts of amyloid were occasionally found, no amyloid was detectable in other organs and tissues. Similar changes were also demonstrated in old lynxes, lions, and tigers [40, 421. Localized amyloidoses of the pancreatic islets also occur in other old carnivores, such as old hyenas and raccoons [42] .
Local 'Tumorlike' Amyloidosis of the Upper Respiratory Tract of Horses
This relatively rare form has only been observed in horses [37, 38, 39, 46, 47, 61, 621 . Deposits are located in most cases in the nasal atrium, but changes may also extend over the middle of the septum of the nasal cavity. These alterations usually consist of isolated or conglomerated nodes of variable size in the nasal mucous membrane on one or both sides of the nasal septum. In exceptional cases there are deposits in the mucous membrane of the entire nasal cavity, the pharynx, the guttural pouches and the larynx, in the lymph nodes of the head and neck, and in the tracheal, bronchial and conjunctival mucous membranes [38] . This form of amyloidosis with principal localization in the upper respiratory tract, or in the conjunctival mucous membrane, or both, is comparable to the well-known condition in humans.
Cutaneous Amyloidosis of Horses
HJARRE [37] and HJARRE and NORDLUND [39] observed multiple elevated spherical nodes 5 to 25 mm in diameter in the skin of the head, the neck, and the pectoral region in seven horses. Histologically, large deposits of amyloid were seen in all layers of the cutis as well as in the subcutis. Massive amyloid accumulations were also found in the enlarged lymph nodes of the head and the neck. No amyloid was found in the visceral organs.
Amyloid in the Stroma of Neoplasms
Amyloid deposits in the stroma of neoplasms have been seldom described in animals. HJARRE [38] found enormous deposits of amyloid in the stroma of a metastasizing sarcoma in a 10-year-old horse. RABE [71] mentioned amyloid deposits in the stroma of mammary carcinomas in bitches. Amyloid has also been demonstrated in the stroma of a thyroid carcinoma in a jackal [42] . In laboratory mice, however, amyloid in neoplasms seems to occur more frequently [4] .
'Intermediate' or 'Mixed' Patterns
A distinction between typical and atypical amyloidosis is not possible in some forms of generalized amyloidosis with widespread organ involvement. In some spontaneously occurring amyloidoses of mice, for example, changes may be prevalent in the atypical sites of deposition, whereas the typical sites are barely affected [80] . Such a form with prevailing deposits in the cardiovascular system was also described in baboons [27] . In some generalized amyloidoses in old canides in which amyloid may be deposited in kidneys, liver, and spleen and also in the leptomeningeal and coronary vessels, it is often difficult to determine which changes can be attributed to 'typical' or to 'atypical' (vascular) amyloidosis.
Staining, Histochemical, and Electron Microscopic Properties of Mammalian Amyloid
Recent comparative studies of amyloid of different mammalian and avian species have shown no substantial differences in staining, histochemical, and electron microscopic properties. One of the main characteristics of mammalian amyloid is its affinity to Congo red and its green birefringence. Further characteristics are its metachromasia in sections stained with crystal or methyl violet and its distinct secondary fluorescence in sections stained with thioflavin-S or thioflavin-T. Histochemically, a protein component with a comparatively high content of tryptophan [44, 87, 9 1 ] and a carbohydrate component [36, 911, in which acid mucopolysaccharides are present [36, 41, 421 , can be demonstrated. The intensity of the histological and histochemical staining reactions, however, may vary between different individuals as well as within different organs. Occasionally, some reactions may be negative. In electron microscopic investigations of dogs [lo], cats [13] , stone martens [93] , sheep [31] , hamsters [31, 861, and mice [31] , characteristic fibrils measuring 70 to 100 A in diameter were a common feature. They were clearly different from other fibrillar components of the connective tissue.
Investigations on the vascular amyloid of old carnivores have shown that atypically located amyloid exhibits the same staining and histochemical properties as amyloid in the typical sites of deposition [41, 43, 581 . The same finding applies to the electron microscopic properties, as was recently demonstrated by DAHME and DEUTSCHL~NDER [I 81 in the amyloid of the leptomeningeal vessels of old dogs. Independently from species and organ localization amyloid has the same physical and chemical properties. It therefore does not seem justified to separate the atypically located from the typically located amyloid as a special variety. The existence of a special 'paramyloid' has not been proved. Possibly those deposits described in the literature as 'paramyloid' represent deposits of other substrates, for example, fibrinoid or paraprotein deposits erroneously considered as amyloid.
Possible Etiological Factors and Associated Diseases
In some cases mammalian amyloidosis occurs in association with other diseases that are usually considered to cause these changes. Table I1 shows some of the most frequently noted fundamental diseases associated with 'secondary' amyloidosis. Most frequently found are various chronic suppura- 63 45, 41, 62 31, 62, 71 29 62,98 31, 62, 11, 85, 99 45, 62 12,81 3, 16, 20, 31, 47, 53, 62, 18, 83, 85 tions. A secondary amyloidosis also occurs in about one half of all horses with tuberculosis [99] , more seldom in the tuberculosis of dogs and minks, and in extremely rare cases in that of cattle [47] . This is surprising as in horses the tuberculosis lesions are usually chronic and proliferative, and caseation, a prominent feature in the tuberculosis of cattle, rarely occurs in horses. Amyloidosis has also been reported to occur in cats after excessive administration of vitamin A [12, 131. A secondary amyloidosis, however, is most frequently observed in the production of immune sera. A long-lasting immunization of horses [3, 20, 831 and sheep [16, 541 regularly results in amyloidosis, whereas this is seldom the case in pigs [76] . It therefore appears that any continual immunological or other stimulation of the reticuloendothelial system (RES) may result in amyloidosis. A characteristic feature of all cases of 'secondary' amyloidosis is that the amyloid deposits display a typical distribution pattern and a distinct relation to the RES.
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A basic disease is not detectable, however, in all cases of amyloidosis with typical amyloid distribution. In the beginning of this century an increased occurrence of splenic and hepatic amyloidosis in horses was observed in some districts of Russia, and a basic disease could not be found [2, 981 . Also, in cattle [l, 37, 701, dogs [7, 33, 37 , 581, tanrecs [67] , baboons [27] , stone martens [93, 941, and minks [64] 'primary' amyloidosis with typical amyloid distribution was observed. The cause of these cases of primary amyloidosis, which form the greater part of all typical amyloidoses, and of amyloidosis with atypical amyloid distribution is unknown.
The cause of 'senile' amyloidosis, which occurs in senile laboratory mice [22, 24, 80, 88, 89] , hamsters [21, 86, 92] , mastomys [24] , dogs [9,17,18,58,79, 801, cats [41] , and other carnivores [42], is still unknown. Investigations of inbred strains of mice have indicated that these forms presumably develop on a genetic basis [35, 891 . Personal studies of aged individuals of other species have led to similar conclusions. It was found that the tendency to develop amyloidosis was very concentrated in some species and families, whereas it was absent in other species. Furthermore, amyloid deposits in old carnivores show a family-characteristic pattern of amyloid distribution. Although in old canides, for example, the dog, wolf, jackal, and fox, changes in the leptomeningealvessels prevail, in the felides (cat, tiger, lion, and lynx) amyloid deposits are nearly exclusivelylocatedin theislets of Langerhans [42]. These differences suggest that these forms in theinvolved species and families developindependently on the basis of agenetic disposition acquired duringtheir phylogenesis. Similar circumstances may apply to senile amyloidosis of humans. Further comparative studies are needed in other species, particularly in senile anthropoidea.
